Abstract Risk assessment schemes have been developed to identify potential invasive species, prevent their spread and reduce their damaging effects. One of the most promising tools for detecting plant invaders is the weed risk assessment (WRA) scheme developed for Australia. Our study explores whether the Australian WRA can satisfactorily predict the invasion status of alien plants in the Mediterranean Basin by screening 100 invasive and 97 casual species in Spain. Furthermore, we analysed whether the factors taken into account in the WRA are linked to invasion likelihood (i.e., invasion status) or to impacts. The outcome was that 94% of the invasive species were rejected, 50% of the casual species were rejected and 29% of them required further evaluation. The accuracy for casuals is lower than in other studies that have tested non-invasive (i.e., casuals or non-escaped) alien species. We postulate that low accuracy for casual species could result from: (1) an incorrect ''a priori'' expert classification of the species status, (2) a high weight of the WRA scores given to potential impacts, and (3) casual species being prone to becoming invasive when reaching a minimum residence time threshold. Therefore, the WRA could be working as a precaution early-warning system to identify casual species with potential to become invasive.
Introduction
Predicting the success of alien species has been a major aim of ecological research since invasions were recognized as an important conservation issue (Rejmánek and Richardson 1996; Reichard and Hamilton 1997; Smith et al. 1999; Kolar and Lodge 2001; Pyšek 2001; . To this purpose, many studies have focused on finding which biological traits make a species invasive and the characteristics of invaded habitats (Goodwin et al. 1999; Daehler 2003; Heger and Trepl 2003; Richardson and Pyšek 2006) . Since Baker (1965) , the search for invader syndromes (i.e., suites of traits and abiotic factors associated to invasiveness) aims to improve our ability to predict the invasion success of alien plants in new regions (Richardson and Pyšek 2006) . For example, Thuiller et al. (2006) have found that the spatial regional distribution of invasive alien species in South Africa is driven by life forms, reproductive traits and human uses.
The accumulated knowledge on invader traits together with the characteristics of invaded habitats, and information in whether a species is invasive in other parts of the world, especially in areas with similar environmental conditions (Westbrooks 1981; Rejmánek 2000 ; Union of Concerned Scientists 2001; Thuiller et al. 2005; Richardson and Thuiller 2007) , has been the basis to develop risk assessment schemes that attempt to predict the success of alien species in a given region of introduction (Mcneely et al. 2001; National Invasive Species Council 2001; Wittenberg and Cock 2001; Leung et al. 2002; Keller et al. 2007a; Gordon et al. 2008) . For plants, only a small proportion of introduced alien species become invasive (Di Castri 1989; Williamson 1996) and it is important to identify them to prevent their spread and impacts.
Because risk has two components: likelihood of invasion and ecological or socioeconomic impacts, risk assessment schemes attempt to identify this small fraction of species with a high likelihood of becoming invasive, and also to prevent their spread and their damaging effects (Andersen et al. 2004 ). So far, there is evidence that the implementation of risk assessment protocols produces net economic benefits (Keller et al. 2007b) .
The scientific literature abounds in risk assessment schemes differing in the methods used and the phase of invasion process they target. Recently, taking advantage of the rapid increase in computing tools, facilities and database availability, new screening models have been developed. The most convenient to compare across regions are the quantitative tests that offer a species score. One of the most promising as a tool for detecting plant invaders is the Australian weed risk assessment (WRA, Pheloung 1995 ) which has also been tested for New Zealand (Pheloung et al. 1999 ) and implemented in other regions (Hawaii and Pacific islands: Daehler and Carino 2000; Daehler et al. 2004; Bonin Islands: Kato et al. 2006 ; Czeck Republic: Křivánek and Pyšek 2006; Italy: Crosti et al. 2007) . A recent review has compared the WRA accuracy in different geographic regions (Gordon et al. 2008 ) and has found it to be high. The WRA scheme can be adopted as an initial screen for plant species proposed for introduction in a new region with the aim to reduce their economic and ecological impacts.
Our study explores whether the original Australian WRA scheme (Pheloung et al. 1999 ) satisfactorily predicts the invasion success of alien plants in the Mediterranean region. For this purpose, we have chosen Spain as a representative because of its climatic, geological, landscape and habitat heterogeneity and high species diversity (Medail and Quezel 1997) . In many studies the WRA scheme has been used to evaluate ''major invaders'', ''minor invaders'', and ''non-invaders'' (species not-escaped from cultivation or casuals) (Gordon et al. 2008) . In this study we compare the accuracy for invasive and casual (non-invasive) species. We follow Richardson et al. (2000a) and Pyšek et al. (2004) in defining invasion plant status. Invasive species are alien species with self-sustaining populations not requiring direct human intervention, that produce offspring at considerable distances from the parent plants, and thus, have the potential to spread over large areas. Casual species do not form self-replacing populations outside cultivation and rely on repeated introductions for their persistence. Differently from other studies, we did not include non-escaped from cultivation species because we found it difficult and not very accurate to randomly chose a list of non-escaped species while among the invasive and casual species sets there are several pathways of introduction (e.g., 21% of the 1,000 alien species listed in Sanz-Elorza et al. 2004 are unintentionally introduced) . Furthermore, by testing casual species the screening protocol can be interpreted as an early screening system of potential invaders among casual species. Moreover, in our study we go a step further by analysing whether the factors taken into account in the WRA are those really involved in differentiating invasive from casual alien plants, considering status differences to be a consequence of invasion likelihood.
Specifically, our main questions are (1) Does the WRA have a high accuracy in identifying invasive species when adapted and applied to a Mediterranean region? and (2) What are the determining factors for an alien plant species to be considered invasive and do these correspond with the questions taken into account to calculate the WRA final score?
Methods

Weed risk assessment for Mediterranean regions
The scheme chosen for testing was the original Australian WRA (Pheloung 1995) (See ''Appendix 1''). The WRA system consists of 49 questions which encompass biogeography, undesirable plant attributes and biology/ecology (Pheloung et al. 1999) . A high score ([6) identifies a species likely to be of high risk (weed) and rejects it for import; a low score (\1) accepts the plant for import (non-weed) and intermediate scores (1-6) require further evaluation. The WRA score ranges from -14 (benign species) to 29 (maximum risk).
From the original WRA we modified the question 2.01 from ''Species suited to Australian climates'' to ''Species suited to Mediterranean climates''. This question and the 2.02 were answered without performing any climatic model, but following the criteria described in Daehler et al. (2004) . We also modified the question 5.03: ''Nitrogen fixing woody plant'' to ''Nitrogen fixing plant'', to include the nonwoody nitrogen fixing plants. These are an important component of Spanish alien flora, many of such species being very abundant in ruderal, disturbed habitats (Sanz-Elorza et al. 2004 ).
Screened species and information sources
We screened a plant data set that was comprised of information on 100 invasive and 97 casual alien plants recorded in the Atlas of Invasive Plant Species in Spain (Sanz-Elorza et al. 2004) , including a broad range of life-forms (See ''Appendix 2''). Species status was defined following Richardson et al. (2000a) and Pyšek et al. (2004) . The chosen invasive species comprised all the most invasive species listed in the Atlas, while the casual species were selected randomly from the pool of 380 casual species recorded therein. To answer the WRA questions, the information was gathered from regional and local floras (Castroviejo et al. 1986 (Castroviejo et al. -2000 Bolòs et al. 2005) 
Data analysis
To evaluate the predictive ability of the WRA applied in Spain, we developed a receiver operating characteristic (ROC) curve (DeLong et al. 1988 ) because it has been found to be a useful tool for evaluating the performance of invasive species screening tests (Caley and Kuhnert 2006; Hughes and Madden 2003; Gordon et al. 2008 ). This analysis requires comparison of two groups: one for which rejection is the incorrect outcome and the other for which it is the correct. A ROC curve is formed by plotting the proportion of true positives (i.e., rejected invasives) against the proportion of false positives (i.e., rejected casuals) across the range of cutoff points on an indicator scale (i.e., the WRA score). The area under the ROC curve (a value between 0.5 and 1) represents the probability that a randomly chosen positive case (an invasive species) will have a higher test value (WRA score) than a randomly chosen negative case (a casual species) (DeLong et al. 1988) . The closer the area under the ROC curve is to one, the better the screening tool's ability to differentiate between the two groups (Lasko et al. 2005) .
A principal components analysis (PCA) was used to identify the main variables that characterize the pool of all tested alien species and to reduce the number of multivariate data for a posterior comparison between invasive and casual species characteristics. This linear method was chosen because the number of species was low (197) compared to the number of variables (30) and the length of the longest gradient from Detrended Correspondence Analysis was between 1 and 2 (Lepš and Š milauer 2006) . Ordination was performed using CANOCO for Windows 4.5.
We adopted the framework of the generalized linear mixed models (GLMM) (e.g., Blackburn and Duncan 2001) to determine variation between species in invasion status (i.e., casual or invasive) and WRA score (i.e., two estimations of invasion risk) as a function of the 15 WRA variables best characterized by the first two principal components (Fig. 2) . Both GLMM analyses incorporated taxonomy to overcome potential phylogenetic biases. Because species are linked by phylogeny (Harvey and Pagel 1991) , using species as independent data points may inflate the degrees of freedom (Brändle et al. 2003) and increase the Type-I error. GLMM deals with phylogenetic effects by allowing the incorporation of taxonomic categories as nested random factors. In this way, the likely non-independence of response values of closely related species is controlled by assuming a common positive correlation between introduction outcomes for species within nested taxonomic groups (genera and family, in our case). Conversely a zero correlation is assumed between introduction outcomes for species in different groups (a variance components model). There are more sophisticated procedures that allow implementing the complete phylogenetic structure in the model (Sol et al. 2008 ), but we could not use such methods because there was no robust phylogenetic hypothesis available for the species studied. In addition, the approach we used helped to mitigate the problem of invasive species being a non-random subset of all species introduced (Blackburn and Duncan 2001).
We modeled invasion status with a Binomial distribution of errors (Crawley 2002) , because the response variable was binary [i.e., casual(0)/invasive(1)]. Invasion risk (i.e., WRA score) followed a normal distribution and did not need transformation to achieve the requirements of parametric analysis, so we modeled it with a Normal distribution of errors. In both cases, the inspection of the residuals showed that error structures adjusted well to our response variables.
We started modeling invasion status with a full model that contained all our predictors. Using a backward selection process, we next simplified the model so as to leave only significant predictors (minimum adequate model). The model was run in the glmmPQL procedure of the MASS library on the R statistical package (Venables and Ripley 2002; R Development Core Team 2006) .
Results
We were able to answer a mean of 43 questions (range 29-49 questions) out of 49, after a detailed search of at least 5 h on information for each species. Furthermore, for each species the test was answered by two different persons to avoid subjectivity or biases. While only one invasive species (Chloris gayana) was accepted, the system accepted 21% of casual species. Surprisingly, half of the casual species were rejected and many of them needed further evaluation (Fig. 1) . The area under the ROC curve for the WRA classifying plants as invasive or casual was 0.79 ( Fig. 2) .
When performing the principal components analysis, the first two principal components explained 24% of the variability in the species data. Out of the 49 WRA questions, there were only 15 that were best characterized by the first two principal components, so they were the ones that better predicted the total of alien plant species variation. The PCA biplot (Fig. 3 genus Acacia, Opuntia and Lonicera. The second group comprises species of Mediterranean origin and species that may create a fire hazard, such as Gleditzia triacanthos and Eucalyptus globulus, respectively. Finally, the last cluster is mainly composed of grasses (e.g., Eleusine indica, Sorghum halepense) and species belonging to Asteraceae and Amaranthaceae, and also species which are unintentionally or wind dispersed, or potentially dispersed as a contaminant.
There was a clear taxonomic bias in the set of all alien species analysed, with 33% of species belonging to just three families; Asteraceae (12%), Fabaceae (11%), and Poaceae (10%). Thus, clustering the species according to taxonomic relationships throught the GLMM analysis, we found that only five out of the 15 PCA predictors were significantly related with the invasion status of the species: existence of congeneric weeds, creating fire hazard, intentional introduction, introduced as contaminant, and bird dispersed (Table 1 ). In contrast, we found that the WRA score was significantly related with more predictors: 13 out of the 15 (Table 2 ). These variables were mainly related to domestication, climate and area of distribution, undesirable traits, dispersal mechanisms, and persistence attributes.
Discussion
The WRA scheme developed for Australia and New Zealand (Pheloung et al. 1999 ) has been recognized as potentially suitable for a wide range of geographical regions (reviewed by Gordon et al. 2008) . We also obtained encouraging results when screening invasive species through the WRA scheme for Spain as an example for a Mediterranean region: 94% of invasive species were rejected. This result is similar to that for other regions (see ''Results'' for ''major invaders'' in Gordon et al. 2008) . The results for casual species (considered here as non-invasive) were somewhat unexpected, 50% of them being rejected. As some of the inconsistencies when comparing different studies are due to different ways of defining the alien status (Gordon et al. 2008) , we opted for a clear and accepted definition of ''casual species'' as alien species that do not reproduce outside cultivation and rely on repeated introductions for their persistence (Richardson et al. 2000a; Pyšek et al. 2004 ), avoiding any possible conceptual confusion. However, this terminology does not take into account the impact caused by these species as other studies do (Pheloung et al. 1999; Kato et al. 2006 ). According to the results for non-invasive species in other regions (ranking from 2 to 23% of species rejected, Gordon et al. 2008) , our results for casuals are less accurate. This difference could be due to the fact that we did not include species not escaped from cultivation in the pool of non-invasive. Křivánek and Pyšek (2006) using the same terminology than in our study, found that only a 6% of casual woody species were rejected. Probably, they found lower rates of rejection for casuals because they only tested for woody species and therefore their plant sample was more homogeneous than ours. Pheloung et al. (1999) designed the WRA score to be a precautionary method, rejecting all serious and most of minor invaders. It is better to make the mistake of denying introduction to a species that would not manage to survive outside cultivation than to allow the introduction of a harmful invader, because the consequences of an introduction are often irreversible (Daehler et al. 2004) . From this point of view, our result of rejecting 50% of casual species would not be a result of low accuracy but an indication of the invasive potential of these species. However, after calculating the area under the ROC curve, we found that the WRA test applied in our dataset is less accurate in separating invasive from casual species than the test applied in other regions (Gordon et al. 2008 ). As mentioned above, our lower (Caley and Kuhnert 2006) . Characteristics related to dispersal capacity are highly related to invasion status. Dispersal as a produce contaminant and bird dispersed species are prone to becoming invasive, as previous studies have demonstrated (Rejmánek and Richardson 1996; Richardson et al. 2000b; Lloret et al. 2005) . On the other hand, intentional dispersal by humans is related to casual status. Species intentionally introduced in new regions (e.g., for agricultural purposes or as ornamentals) often manage to jump into natural ecosystems and survive; becoming casual species, but their persistence depends on the constant influx of more individuals. This result is in accordance with the intention of the first question of the WRA; ''Is the species highly domesticated?'' If answering ''yes'' to this question, the final score becomes lower (i.e., the more domesticated is a species, the lower the invasion risk). This assumption considers that plants selected and bred by humans for many generations to grow in a cultivated environment have a handicap that might limit the species survival in the wild because of their reduction of competitive traits (Daehler and Carino 2000) . However, when competitive traits have been selected through domestication, we considered the answer to be negative. Moreover, a species that is highly domesticated might have a higher propagule pressure, and many studies have demonstrated that propagule pressure is one of the most important factors related to invasion success (Williamson 1996; Lockwood et al. 2005) . For example, Pyšek and Jarosík (2005) found frequent planting to be correlated to invasive success, because the more times the species has been introduced the higher its probability of being successfully dispersed and spread. Thus considering propagule pressure, there is a positive relationship between intentional dispersal (question 7.02) and the final WRA score. Indeed, we consider that, in certain cases, there might be a contradiction between the question regarding intentional dispersal and the one addressing domestication (question 1.01). More research is needed to elucidate the effects of domestication and propagule pressure on invasion likelihood.
We obtained a conspicuous result concerning the difference between invasion likelihood and impact: the capacity of creating a fire hazard was negatively related to invasion status. Therefore, fire risk generation does not appear to be a factor that increases the probability of spread, as there are more species with fire generation capacity among casual species than among invasive. Nevertheless, the capacity of creating a fire hazard is positively related to the WRA score, because it is an undesirable trait, especially in the Mediterranean region where fire is an important inherent disturbance and plants with this capacity could cause major impacts. Therefore, because many plants currently classified as casuals, if spread in the future, could generate significant impacts, we can highlight the importance of including impact questions in a risk assessment. However, as the additive model to integrate probability and risk could result in Invasion risk for a Mediterranean region 469 misunderstandings (e.g., casual species with low probability to become invasive but a high potential impact such as increase of fire hazard), we suggest that specifications on the impact and likelihood components weight on the final score should be done, or even a separate analysis to evaluate them. This measure would provide clearer interpretation and more useful information for management and decision makers. Finally, concerning the viability of applying the WRA scheme, we would like to stress that many questions require very specific information that in many cases, especially for casual species, has not been documented yet. Those species that are widely invasive over the world have been studied considerably, thus there is generally more information about invasive species than casual species. For some characteristics, information is lacking or is very difficult to obtain for most of the taxa even if there is clear evidence of their importance in successful invasions. Examples of such traits are hybridization (Vilà et al. 2000) , allelopathy (Callaway and Ridenour 2004) , release of natural enemies (Colautti et al. 2004) , self compatibility (Daehler 1998) , and potential impacts (e.g., pest and pathogens).
In conclusion, we found that the rate of correctly identifying invaders is high, and that it could be working as an early-warning mechanism for casual species with potential to become invasive. Moreover, having detected some incongruities between invasion likelihood questions and impact questions, we suggest that a separate analysis should be done to evaluate these two risk components, in order to provide what would provide more useful information for management. Concerning invasion likelihood, more research is needed to determine if differences between casual and invasive are due to differences in biological traits, or whether it is a matter of propagule pressure and residence time. This study represents a first step towards the construction of a Mediterranean Basin WRA. However, more research is needed to evaluate the performance of the test in identifying non-invasive species.
Acknowledgments We thank I. Kühn and P. Pyšek for providing the WRA excel application; and C. Daehler and three anonymous reviewers for comments on an early version of the manuscript. This study has been partially financed by the 6th Framework Programme of the European Commission projects ALARM (Assessing large-scale environmental risks for biodiversity with tested methods. GOCE-CT-2003-506675; http://www.alarmproject.net/alarm/) and DAISIE (Delivering alien invasive species inventories for Europe. SSPI-CT-2003-511202; http://www.europe-aliens.org/) and the Spanish Ministerio de Ciencia e Innovación CONSOLIDER project MONTES (Spanish woodlands and global change: threats and opportunities. CSD2008-00040).
Appendix 1
See Table 3 . 
